The Bakony-Balaton Highland Volcanic Field (BBHVF) is located in the central part of Transdanubia, Pannonian Basin, with over 50 alkali basaltic volcanoes. The basanite plug of Hegyestű erupted in the first phase of volcanic activity. K/Ar and Ar/Ar ages were published for the BBHVF. K/Ar and Ar/Ar ages of the leucite-bearing basanite of HegyestÅś were conflicting. This is caused by the special Ar retention feature of leucite in this basanite. K/Ar ages measured in the usual way were 25-45% younger, but after HCl treatment of the rock, or after reducing the baking temperature of the argon extraction line from 250˚C to 150˚C, they became similar to the Ar/Ar ages. All Ar/Ar determinations were performed after HF treatment. HCl treatment dissolved olivine, nepheline, leucite, magnetite and from 1-1 sample analcime or calcite. K dissolution studies from different locations of Hegyestű have shown that K content is mostly ∼2%, but it may decrease to ∼0.3%. HCl treatment dissolved 28.0-63.5% of the K content. The calculated K concentration for the dissolved part of samples with ∼2%K was 4.02-6.42%: showing that leucite is responsible for the low temperature loss of 40 Ar(rad). Ar may release at low temperature from very fine-grained mineral, or when the Ar release mechanism changes. A 40 Ar(rad) degassing spectrum has been recorded in the 55-295˚C range of baking temperature and the data were plotted in the Arrhenius diagram. The diagram shows that a change of the structure in the 145-295˚C range caused the loss of 40 Ar(rad). On fractions of HCl treated rock 7.56±0.17 Ma isochron K/Ar age has been determined. This is regarded as minimum age of eruption and it is similar to the Ar/Ar isochron age (7.78±0.07 Ma).
Introduction
K/Ar and Ar/Ar methods are widely used for dating magmatic rocks, especially Cenozoic basalts. Miocene to Pliocene volcanic fields in the Pannonian Basin are widespread as a response of crustal thining in a backarc region of the Carpathian subduction front. Mafic melt was propagated to the surface and tectonic stress was released via formation of a relatively large number of volcanic fields in an area of ∼1000 km 2 over ∼20 million years [1] [2] [3] [4] . Just over 10 Ma ago alkali basaltic volcanism started at different regions of the present day Carpathian Basin. The lava plug of Hegyestű, the subject of this study, is situated at the northern part of the BakonyBalaton Highland Volcanic Field (BBHVF). The eruption style of the volcanoes in volcanic fields was largely controlled by external environmental parameters such as availability of surface and/or ground water, resulting in phreatomagmatic to magmatic explosive as well as effusive lava-dominated volcanoes [5] . The monogenetic volcanic fields in the Pannonian Basin have unergone significant erosion since their eruption, leaving behind only proximal pyroclastic architecture of their original volcanoes, namely volcanic conduits filled by pyroclastic breccias that are commonly cross-cut by dykes and capped by lava [6, 7] . Many of the preserved volcanic rocks represent volcanic facies that accumulated in a volcanic conduit or crater and their current position marks regions that were originally below the syn-eruptive paleo-surface [8] . In this respect, to understand the time and space distribution of volcanism bears significance in understanding not only the nature of the volcanism, but also the landscape evolution of the region into which the volcanoes erupted. It has particularly great interest to determine the onset and offset of volcanism in a field. Among the Neogene volcanic fields in the Pannonian Basin, the BBHVF ( Figure 1 ) seems to be the longest-lived, spanning nearly 6 million years of activity and producing about 50 distinct volcanoes [5] (Figure 1) . A central focus of the research in this area has always been to understand when the volcanic activity started, and ceased, at the BBHVF [2] . The start of the volcanic activity has been fixed to about 8 Ma, based on repeated K-Ar as well as Ar-Ar geochronology of the Tihany Maar Volcanic Complex [9] . The date for the end of the volcanism has not yet been convincingly confirmed. The scattered K-Ar dates indicate an age of about 2.3 Ma as the end of the volcanic activity, but there are many other potential specimens yet to be studied.
There are deeply eroded volcanic plugs such as Hegyestű, that for a long time, were considered to be the same age as Tihany, representing the initial eruptive episode of the BBHVF (Figure 1 ). To confirm this theory the volcanic plug of Hegyestű has been selected for a detailed, methodological study. A systematic K/Ar chronological study of alkali basalts in the BBHVF started in the late 70's and the first review paper appeared in 1986 [10] . Complex volcanological research of BBHVF began in the middle of the 90's [5] [6] [7] [11] [12] [13] [14] [15] [16] [17] with the recognition of the role of magma and water explosive interaction triggered phreatomagmatic eruptions in the eruptive history of most of the Neogene monogenetic volcanoes of western Hungary. Following the first descriptions, extensive research targetted many individual volcanic erosion remnants with an aim to refine our understanding of the eruption mechanism of these volcanoes [18] [19] [20] in order to reconstruct their original volcanic landforms [7] and characterize their eruptive environments [21] . In the frame of this program Ar/Ar ages have been measured by Wijbrans on 18 samples [22] . The far more precise Ar/Ar ages are mostly comparable to the K/Ar ages published earlier, but in case of the basanite from Hegyestű hill the Ar/Ar age has been remarkably older. Beside the geological significance to confirm the age of Hegyestű, this study reports on the cause of conflicting Ar/Ar and K/Ar ages. It has been shown that the leucite content of Hegyestű hill loses a part of its radiogenic Ar at less than 250˚C temperature while baking the sample in the extraction line before Ar determination. This implies that Ar retentivity of leucite-bearing basanites must be checked before K/Ar dating.
Geological setting and formation of Hegyestű
The volcanic centers of the BBHVF ( Figure 1) were active approximately between 8 Ma and 2.3 Ma [3, 9, 10, 23, 24] and produced mostly alkaline basaltic composition volcanics [4, 12, [25] [26] [27] . The volcanism was related to the post-extensional tectonic processes in the middle part of the Pannonian Basin [1] . The eruptive centers of the BB-HVF have a close relationship with those of the Little Hungarian Plain (Figure 1 ) according to their composition, age and general eruption mechanism and eruption styles [5] . The two volcanic fields seemingly operated simultaneously but the general paleo-environment and the hydrogeology of the two fields were likely different and produced volcanic eruptions of different style [5] . The BBHVF has more than 50 basaltic volcanoes [28] [29] [30] [31] [32] [33] [34] [35] in a relatively small (around 3500 km 2 ) area (Figure 2) . The volcanic field belongs to the Transdanubian Central Range unit, which is correlated with the Upper Austroalpine nappes of the Eastern Alps [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] . The un- Abbreviations stand for: Szg -Szigliget, diatreme group; Bad -Badacsony, lava capped butte; At -Agár-tetű, lava shield; B -Bondoró, maar complex; Fh -Fekete-hegy, maar complex; Kh -Kab-hegy, lava shield; TU -Tátika -Uzsa, subvolcanic -diatreme complex; TCR -Transdanubian Central Range. Black numbers refer to localities of inferred old plugs, necks and/or scoria cone erosion remnants: 1-Balatoncsicsó/Fenyves-hegy; 2 -Ragonya; 3 -Barnag/Kő-hegy A; 4 -Barnag/Kő-hegy B; 5 -Tagyon/Balázs-teto; 6 -Halom-hegy. White numbers refer to localities of inferred old erosion remnants of phreatomagmatic volcanoes: 7 -Tihany; 8 -Zánka/Vár-hegy; 9 -Kis-hegyes-tű; 10 -Horog-hegy; 11 -Balatonhenye Hegyestű location is marked by a red star. Inset map shows the regional stratigraphic and tectonic units associated with the Pannonian Basin. Red stars mark regions where Neogene monogenetic volcanoes or volcanic fields have been identified. 1 refers to the Nógrád-Gömör Volcanic Fields while 3 refers to Styrian -Burgenland Volcanic Fields.
derlying basement of the volcanic field consists of thick Silurian schist, Permian Red Sandstone and Mesozoic carbonate beds. This unit basically forms a large scale anticline structure which is locally covered by Tertiary sediments. In the Neogene, shortly before the volcanism started, a large lake, Lake Pannon, occupied the Pannonian Basin [46] [47] [48] [49] . The lacustrine sandstones, mudstones and marls of the brackish Lake Pannon are the base of the immediate underlying pre-volcanic substrate of the BBHVF [48, [50] [51] [52] [53] [54] . Prior to the volcanism the BBHVF area was most likely an alluvial plain [38, 48] . The subaerial volcanism is represented by tuff rings, maars, scoria cones, lava spatter cones and fissure vents emitting lava flows. The volcanoes were aligned along stream occupied paleovalleys with good surface and ground-water supply. These stream valleys are most likely related to ancient, probably rejuvenated, pre-Neogene tectonic lines similar to those described at West Eifel, Germany [55] .
The preserved volcanic landorms of the BBHVF are comparable to those of other monogenetic volcanic fields such as the Hopi Buttes, Arizona [56] , Western Snake River, Idaho [57] , Auckland Volcanic Field, New Zealand [58, 59] , Newer Volcanics, Victoria [60] [61] [62] , and West Eifel, Germany [63, 64] . The lava-capped buttes of the BBHVF are inferred to be related to underlying volcanic craters of maars or tuff rings that acted as depo-centers of lava flows. Individual maars or tuff rings without lava infill are less common at the BBHVF (Figure 1 ). In the northern part of the BBHVF scoria cone and lava spatter cone remnants are commonly sitting on elevated horst blocks of the basement rocks.
The origin of the Hegyestű is ambiguous. The preserved coherent, solidified lava forms a morphological landmark standing ∼50 meters above the surrounding region (Figures 2A & B) . It forms a horst above the surrounding Triassic limestone and dolomite plateau ( Figure 2B ). The limestone crops out at about 380 m above sea level just 300 metres to the NE from the preserved solidified lava. There is no direct contact observed between the Triassic rocks and the solidified lava, making it difficult to con- strain its origin. However, the present day quarry floor seems to be well below the highest point of the exposed Triassic rocks nearby, suggesting that the solidified lava filling a narrow (about 100 m wide) circular depression, inferred to be a volcanic conduit. The lava rock outcrop is typically columnar jointed with well-developed 4 to 7 sided columns as thick as about 60 cm (Figure 2A ). The columns are perpendicular and appear to be "fresh" (no apparent alteration zonation) in the center part of the exposed quarry face ( Figure 2A ). The columns in the SE edge of the quarry occur in piles inclined at an angle of ∼30 o ( Figure 2A ). Similar orientation change can be recognized at the NE edge of the exposed site, giving an appearance of "forking" basanite columns ( Figure 2A ). The column width is also changing from dm-scale large and "fresh" columns to less well-developed "skinny" columns in the edge of the exposure. There is no obvious textural variation of the lava rock across the exposed quarry, suggesting the the lava represent a single cooling unit and a single magmatic event. The gradual changes of joint patterns from the center to the margin of the exposed lava rock supports the theory of its emplacement in a narrow basin environment. This observation, along with the fact that the present quarry floor is well below the highest point of exposed Triassic rocks nearby, suggests that the lava rock is rather a plug than a remnant of a longitudinal lava flow. There is no nearby (about 10 km range) lava sheet that could be convincingly correlated to Hegyestű as part of a larger lava field remnant. The preserved 3D architecture of Hegyestű is best explained as being of a conduit/vent filling lava origin.
The edges of quarry floor consist of fragmented lava rock, forming chaotic zones of variable large, vesicular lava fragments in a fine grained, thermally altered matrix ( Figures 2C & D) . In thin section scale, the matrix of these brecciated zones contains siliclastic grains alongside abundant palagonitized, formerly glassy, lava fragments in analcite-rich matrix, supporting the interpretation that these are contact zones of magma and siliciclastic country rock. So far, no pyroclastic rocks have been recovered from the vicinity (hundreds of metres) of the preserved butte-like lava rock outcrop of Hegyestű. This indicates that Hegyestű cannot be reconstructed confidently. With this lack of clear evidence, there are two possible theories: Hegyestű is the remnant of 1) a dominantly lava emitting volcanic vent, where the lava accumulated in the volcanic conduit and/or crater; or 2) a lava flow that was derived from nearby sources. The fact that the Hegyestű forms a local high point and the nearest large volume lava emitting site where extensive lava fields are preserved in a crater is located about 10 km in the east (Fekete-hegy) (Figure 1) , it is more likely that the Hegyestű is a remnant of lava flow from an individual source that accumulated in the volcanic conduit and crater. There are three nearby vent locations; Horog-hegy (∼2 km), Vár-hegy (∼2 km) and Kis-hegyestű (∼4 km) (Figure 1 ). Each of these are exposed diatremes of former phreatomagmatic volcanoes with no preserved coherent lava bodies. This also suggests that these locations are unlikely sources for the Hegyestű lava. In addition, the joint orientations are also suggestive of a point source-like origin ( Figure 2A ) and an interpretation of Hegyestű being a lava filled volcanic conduit(plug) gradually connecting to a volcanic crater filling lava lake. However, further investigations, applying AMS studies, extensive geochemical comparison and geophysical stud-ies could be the key to make definitive interpretation for the origin of Hegyestű. [10, 22] , and also radiometric ages on the two oldest volcanoes (Ragonya and Tihany) are shown in Table 1 .
Petrography

K/Ar study of Hegyestű
New K/Ar measurements were performed on whole rocks and on rock fractions produced by magnetic separation and heavy liquids using a method described in detail by Balogh [66] (Table 2 ). 10 ages were in the range of 5.90 Ma to 4.33 Ma, proving that K/Ar ages are younger than both Ar/Ar plateau and isochron ages and previous K/Ar isochron ages (Table 2) . Two samples have been measured also at the Research Institute of Natural Sciences of the Okayama University of Science (Table 2) . Here the samples were pretreated with diluted HCl (1:4) for about 2 hours at 50˚C. This treatment reduced the K contents from 2.10% and 2.08% to 0.778% and 0.704%. The measured ages (7.61 Ma and 7.70 Ma) became similar to the Ar/Ar ages published by Wijbrans et al. [22] . Prior to the Ar/Ar dating the samples have been treated with HF acid. This indicates that young K/Ar ages, i. e. loss of 40 Ar(rad), is a feature of minerals dissolved by the HF or HCl acids.
The
40 Ar(rad) might have been lost continuously during the history of the rock, or in a shorter period sometime before present. This question has been answered by reducing the baking temperature of the argon extraction line from the usual 250˚C to 150˚C. 6 fractions have been dated this way, out of these 5 resulted ages in the 7.94-7.60 Ma range, agreeing well with Ar/Ar ages ( Table 2 ). 8.53±1.30 Ma age was measured on a <1 μm size fraction, with the large error caused by the high amount of Ar(atm) adsorbed on the surface of the fine-grained sample. These results proved that a part of 40 Ar(rad) has been lost in the extraction line just before determination of the 40 Ar(rad) content.
EMP analyses performed at the Okayama University of Science [67] detected olivine, magnetite, plagioclase, leucite, augite and some nepheline and showed that K is concentrated in leucite within patches of <200 μm size (Figure 3 ). According to XRD spectra the main mineral constituents are: olivine, plagioclase, augite, magnetite, leucite, nepheline, in the <1 μm-size fraction, analcime, and in minor amount, natrolite, smectite, chlorite and mica. TEM analysis of a 10×14 μm 2 -size area failed to detect leucite. It is likely that olivine, leucite, nepheline, magnetite and analcime were partially or completely dissolved by the HF or HCl treatment. Dissolution of leucite (and potentially nepheline) is inferred to be responsible for the observed loss of 40 Ar(rad) and younger K/Ar ages.
Stepwise baking experiment
Previous chronological studies proved that leucite is very suitable for K/Ar dating (e.g. [68] ), therefore the low temperature loss of 40 Ar(rad) observed on the Hegyestű samples might be explained by assuming some special feature of the leucite in the basanite. It is assumed that Ar may be released at low temperature either from (1) very fine- grained leucite without change of its mineral structure, or (2) due to a change of its mineral structure that increases the rate of diffusion of Ar during baking the argon extraction line. To identify the cause of Ar release a stepwise baking experiment was performed.
Eight specimens of the sample HT-1 (6535) were loaded into the Ar extraction line, and baked for 35 hours at 55˚C. The first specimen was dropped in the Mo crucible, its 40 Ar(rad) content extracted by heating, and measured (Table 3). The rest of the specimens were then baked for a further 20 hours and the 40 Ar(rad) content of the second specimen was determined. This was repeated 6 times at stepwise raised temperatures. The measured and calculated results are summarized in Table 3 . The last 2 specimens were recovered from the extraction line and stored for further investigations. It can be seen that after the first 3 steps of baking (55-145˚C) practically the same amount of 40 Ar(rad) remained in the sample, but at 205˚C now 13.2% of 40 Ar(rad) had been released. From the "fractional Ar loss" (denoted by F) at known temperature and duration the diffusion parameter (D/a 2 , where a is the effective size of crystallite) can be calculated [69] [70] [71] . When Ar is released from a mineral by volume diffusion without change of the crystal structure, the diffusion coefficient (D) will depend on the temperature according to the relationship:
Where E is the activation energy, R the gas constant and T the absolute temperature. The activation energy (E) is proportional to the slope angle of the line created by plotting ln(D/a 2 ) against 1/T (e.g. on Arrhenius diagram). Deviation from the straight line might be caused either by structural change, or by changing the density of vacancies e.g. by a joint removal of water and 40 Ar(rad). The data in Table 3 are plotted in Figure 4 . The points do not fit a straight line, therefore either a structural change of the mineral, or a change of the mechanism, and thus the rate of diffusion (vacancy or exchange mechanism) must be assumed. In Figure 4 the position of point 3 is uncertain, since only the maximum value of F can be estimated as 0.03. The activation energy between point 205-255˚C is low, but it is only a formal value, since Ar is not released through volume diffusion. At points 5 and 6 the formal diffusion parameter is not increasing with increase in temperature. This might be explained by assuming increasing effective grain grain-size (a), as e.g. during exsolution of perthitic lamellae in feldspars when increasing their temperature, or by the halt of a process (e.g. removal of water) which was enhancing the diffusion of Ar. The experiments described above prove that the mineral structure of the leucite changed in the 145-295˚C temperature range, but this change was not detected by XRD investigations. Further experiments were performed to confirm if the low temperature release of Ar(rad) was a general characteristic of the basanite of Hegyestű, or was restricted only to the few samples studied. Potassium content of 6 newly collected samples was measured before and after HCl treatment. The results are shown in Table 4 . K content of the rock varies from 2.03% to as low as 0.31%. The low-K sample contains calcite. The loss of weight caused by the HCl treatment is 19.2-25.2%, but from sample HT-3a (No. 6538), which contains calcite, it is 32.1%. HCl treatment reduced the K concentrations to 1.137% in sample HT-4 and to 0.326% in sample HT-3a. The total K loss vary from 60.6% to 28%, i.e. K has been lost from all samples, showing that they all contain K-bearing minerals dissolvable in diluted HCl. 4 samples with K > 1.80% lost more than 50% of their K content. The calculated concentration of K in the dissolved material is 4.02-6.42% in these 4 samples, and this high K concentration again suggests that removal of K is connected primarily to the dissolution of leucite. The sample with lowest K concentration (HT-3a) is strongly altered. Two melt phases appear to be "mingled" -one with a coarser groundmass than the other.
The proven low temperature Ar loss for the leucite of Hegyestű can be recognized and easily corrected for by measuring the Ar in the sample not only in the usual way, but also either after treatment with acids or by reducing baking temperature. In some samples, xenoliths from the basement rock have been observed, therefore the possible presence of excess Ar also needs to be considered when K/Ar ages are interpreted.
Determination of the reliable isochron age of Hegyestű
As has been proven for the alkali basalt of Šomoška (Nó-grád -Gemer Volcanic Field, North Hungary/South Slovakia) (Figure 1) , the K/Ar isochron ages can be erroneous [72] , if there is a linear correlation between the concentration values of K and 40 Ar(rad). The existence of this correlation can be inferred from the easily measured correlation between the K and Ar(atm). Similar to the K/Ar isochron ages, Ar/Ar ages can also be erroneous [73] , but in contrast to K/Ar isochron dating, the Ar(atm) concentration can not be used convincingly for testing the reliability of Ar/Ar ages. Therefore, the most reliable ages on basalts with low Ar retentivity can be measured if the fractions are prepared from the rock after the removal of leucite. In this way a reliable age, with limited accuracy, can be obtained. Finally, in order to exploit the inherent higher accuracy of Ar/Ar method, the fractions with the most reliable K/Ar ages might be selected for Ar/Ar dating.
Sample HT-4 (No. 6539) has been chosen for K/Ar isochron dating because this sample retained the high- Table 5 and plotted in the isochron di- agram ( Figure 5 ). Besides the whole rock, the fractions of lowest and highest density have been chosen for dating in order to assure the greatest variation of K concentrations. All points fit on a straight line and define an isochron age of 7.56±0.17 Ma ( Figure 5 ). This age is similar to the Ar/Ar ages by Wijbrans et al. (7.78±0 .07 Ma) [22] and shows that the K/Ar isochron age of 5.97±0.41 Ma [10] was too young. An analysis of data in Table 5 (Table 5) . Finally, during desorbtion of Ar(atm) the 40 Ar isotope will be enriched over the lighter 36 Ar isotope on the surface of the sample and the same effect will take place during adsorption. Thus, the high concentration of Ar(atm) in the low-density D 1 fractions may be caused by the preferential adsorbtion of Ar(atm) on certain minerals.
The partial desorbtion Ar(atm) during baking in the extraction line may cause a small enrichment of 40 Ar. The slightly older ages observed on fractions with high Ar(atm) concentrations might be caused by isotopic fractionation during the adsorption-desorption processes. This effect has been treated in detail by Balogh [66] and is shown in Figure 6 . The arguments above demonstrate that the basanite of Hegyestű did not contain significant amount of excess Ar. Coherent Ar/Ar plateau, inverse isochron ages and recent K/Ar ages from the Okayama University of Science and ATOMKI define the age of the basanite. The isochron age of 7.56±0.16 Ma is regarded as a reliable minimum age for the eruption, and it shows that Hegyestű hill belongs to the oldest volcanoes of the BBHVF.
Onset of volcanism of the Bakony-Balaton-Highland Volcanic Field
On the basis of radiometric ages published up to now the oldest eruptions of the BBHVF are represented by the eroded neck of Ragonya at Mencshely [10] , the Tihany Maar [9, 22] , and Hegyestű hill (this work) (Figure 1) . The Tihany Maar has the greatest chronological importance, because (1) it is in a stratigraphically fixed position [52, 74] near the border of Congeria balatonica -Prosodacnomia zones [75, 76] , (2) it marks the onset of alkali basalt volcanism of the BBHVF and (3) it has a very reliable age: its K/Ar isochron age is 7.92±0.22 Ma [9] , and Ar/Ar ages [22] by Wijbrans et al. are 7.96±0.03 Ma (plateau) and 8.01±0.07 Ma (isochron). Less convincing is the age of Ragonya (Figure 1) . Two whole rocks from here gave results of 7.75±0.50 Ma and 7.02±0.60 Ma, and an isochron age of 7.92±0.3 Ma has been measured for the second sample. The uncertainty of these ages comes from the similarity of K concentrations (1.18-1.12 Ma) of the dated rocks and fractions, but the strongly eroded character of the neck is an additional argument for the reality of an old age. The youngest alkali basalt of the BBHVF is inferred to be part of the Bondoró volcano, where ages of 2.90±0.62 Ma (Borehole Monostorapáti-1, [10] and 2.29±0.22 Ma have been measured on a sample provided by A. EmbeyIsztin [3] . This study has confirmed that the age of about 7.5-8.0 Ma has a great significance to define the onset of basaltic volcanism in the western Pannonian Basin in the Late Miocene. With these new ages from Hegyestű it is clear that these older ages are not representing single precursory eruptive events during the early evolution of the BB-HVF. Rather, these rocks are part of an initial volcanic flare-up that produced more than a single volcano. Interestingly, the onset of alkali basalt volcanism of the BBHVF is very similar to the alkali basaltic volcanism in Slovakia, where at Devičie a whole rock age of 8.00±0.54 Ma and an isochron age of 7.94±0.48 Ma mark the start of alkali basalt eruptions. This similarity indicates some more global, currently not fully understood, geodynamic reason behind the onset of basaltic volcanism in various regions of the Pannonian Basin. However, in Slovakia, the end of volcanic activity is still uncertain [66, 77, 78] . In contrast to Slovakia, in the DanubeTisza Interfluvial Region the eruption of now buried volcanoes started at about 10 Ma ago and finished at about the onset of volcanism in the BBHVF and Slovakia [10] . Unfortunately, the statement before is based on few age determinations on samples from CH exploratory boreholes. In South Burgenland the age of two alkali basalts (Pauliberg, Oberpullendorf) is 11.7-11.2 Ma, while in SE Styria volcanic activity lasted from about 3 Ma to <2 Ma [79, 80] .
Conclusions
A new analytical work, presented in this paper, confirmed the older age of Hegyestű and provided a potential explanation for the bias between Ar/Ar plateau and isochron ages [22] and K/Ar isochron age [10] . 2. K/Ar dating after HCl treatment of the basanite at the Okayama University of Science, Research Institute of Natural Sciences, provided similar values to the Ar/Ar ages and to the K/Ar ages from the ATOMKI after baking at reduced temperaure in the extraction line. HCl treatment reduced the K content from about 2% to 0.7-0.8%, i.e. dissolved minerals were responsible for the young K/Ar ages and for the low temperature Ar(rad) release during baking. Preliminary XRD and EMP investigations suggested that leucite might be primarily responsible for the effect.
3. Leucite is usually considered as a suitable mineral for K/Ar dating. However, here a characteristic Ar(rad) release effect has been recognized that is inferred to be caused by the unique crystalline structure and/or composition of the leucite of Hegyestű. Leucite is either composed of exceptionally fine-grained minerals, or its mineral structure has changed below 250˚C in the extraction line.
4. The suitability of leucite-bearing basaltic rocks for K/Ar dating can be checked easily, if the rock is measured either (1) with and without HCl or HF treatment, or (2) argon retentivity of the rock is checked by measuring the dependence of Ar(rad) content on the baking temperature.
5. It has been shown by model calculation that, similarly to the K/Ar isochron methods, Ar/Ar isochron and inverse isochron ages can also be erroneous, if there is a linear relationship between the K and Ar(ex) concentrations. Points of basaltic rocks with homogeneous Ar(ex) and K, but inhomogeneous Ar(atm) concentrations define a straight line (mixing line) in the 40 K/ 36 Ar- 40 Ar/ 36 Ar diagram, which indicates an erroneously old age. This error might be suspected from the uniform K concentrations when the K/Ar method is applied, but it is more difficult to recognize when Ar/Ar isochrones are constructed.
6. In order to obtain the most reliable ages for rocks losing Ar in the extraction line, the possibility of checking the Ar(atm)-K correlation must be considered. This can be done by producing fractions from the rock after removing the Ar-losing minerals with HF or HCl treatment. Fractions produced from the acid-treated rock can be used for measuring a reliable isochron age, and the most reliable fractions can be selected for exploiting the inherent higher accuracy of the Ar/Ar method. This suggested process is too complicated for routine use, but it appears indispensable when highly reliable and precise age data, e.g. for the calibration of magnetostratigraphic time scale, are needed.
7. Measurement of more samples collected from different localities of Hegyestű revealed that the usual K concentration of basanites is around 2%, but it may decrease to about 0.3% at certain locations. At these locations, due to alteration, K has been mostly removed from the rock soon after its intrusion.
